INTRODUCTION
Growth performance has been increased in broiler chickens due to genetic progress, improvement of nutrition, and controlled environment. This rapid growth is associated with higher body fat deposition, mortality, and increasing metabolic and skeletal disorders (S a l e h et al., 2005; B a r b u t et al., 2008) . The feed restriction is applied as a prevention of these problems (M e n c h , 2002; S a h r a e i , 2012). Early feed restriction in broiler chickens stimulates compensatory growth in the realimentation period (P l a v n i k , H u r w i t z , 1990) and induces efficiency of feed utilization (Z u b a i r , L e e s o n , 1996).
Growth performance has been associated with changes in meat quality. Meat quality depends on muscle fibre characteristics, of which number and fibre cross-sectional area (CSA) are the most important. In poultry, muscle fibre formation and number of muscle fibres are complete before hatching (S m i t h , 1963) and subsequent muscle growth is dependent on the hypertrophy of existing fibres because of the fusion of satellite cells with the fibres (P i c a r d et al., 2002) .
Pectoralis major, the main muscle of the breast, is in chickens composed of entirely glycolytic muscle fibres of type IIB (Ve r d i g l i o n e , C a s s a n d r o , 2013; Ve l l e m a n et al., 2014). Fast-growing chickens have larger CSA of muscle fibres in pectoralis major muscle than the slow-growing ones (V e r d i g l i o n e , C a s s a n d r o , 2013). This increase can be associated with a higher number of giant fibres, which have fibre CSA three to five times larger than normal muscle fi- The aim of the study was to evaluate the effect of one-week quantitative feed restriction (in days 8-14 of age) on histological characteristics of musculus pectoralis major in broiler chickens during the fattening period. Cockerels of Ross 308 (1215 chicken) were divided into 3 groups: ad libitum fed (AL; 3 × 135), restricted 80% of AL (R80; 3 × 135), and with limited feed intake 65% of AL (R65; 3 × 135). Eight cockerels per group were slaughtered in weekly intervals from day 14 of age till the end of experiment at 35 days to determine changes in the muscle fibre characteristics. The number of muscle fibres in pectoralis major decreased (P ≤ 0.001) with increasing age. Fibre cross sectional area was significantly (P ≤ 0.027) affected by the interaction of group and age. At the end of feed restriction at 14 days all groups had similar fibre area (519-539 μm 2 ), the differences between groups were observed at 35 days of age with the largest fibre area in R65 chickens (2296 μm 2 ), while R80 did not differ from AL (1728 μm 2 and 1667 μm 2 ). There was no effect of feeding regime on giant muscle fibre incidence. bres (D r a n s f i e l d , S o s n i c k i , 1999), are usually rounded in shape, and stain darker when coloured with haematoxylin-eosin (M i r a g l i a et al., 2006) . Giant fibres consist of fibres exhibiting structural and metabolic anomalies as a hypercontraction (Ve r d i g l i o n e , C a s s a n d r o , 2013). The presence of giant muscle fibres is an indicator of interrupted metabolism and abnormal contraction of muscle fibres during rigor mortis. D a l l e Z o t t e et al. (2001) reported that every normal muscle fibre can be converted into giant one. Increased occurrence of giant fibres is an indicator for the development of insufficient meat quality (D r a n s f i e l d , S o s n i c k i , 1999; R e h f e l d t et al., 2004) .
FEED RESTRICTION AND MUSCLE FIBRE CHARACTERISTICS OF PECTORALIS MAJOR
The aim of this study was to evaluate the effect of one-week feed restriction of two intensities applied from 8 days of age on basic muscle fibre characteristics and presence of giant muscle fibres in broiler chickens during the fattening period.
MATERIAL AND METHODS
In the experiment, male broiler chickens of genotype Ross 308 (n = 1215) were divided into three groups with three replicates (3 × 135 per each treatment): the control group was fed ad libitum (AL), the second group (R80) received 80% of AL (50.0 g/day per chicken), and the group R65 had feeding reduced at 65% of AL (40.6 g/day per chicken). The feed restriction was applied in days 8-14 of age. Feeding of the restricted groups was derived from feeding of the ad libitum fed group, in which daily feed intake was registered. The amount of feed was calculated from the feed intake of the previous day. Composition of the experimental feed mixture is given in Table 1 . Chemical composition of the feed was analyzed according to AOAC (1995) procedures. Before and after the feed restriction the chickens were fed ad libitum. Water was available free throughout the whole experiment. Birds were housed in 9 littered pens with environmental conditions corresponding with requirements for broiler chickens. Live weight was determined at weekly intervals, mortality was detected daily. Eight chickens from each group were slaughtered at 14, 21, 28, and 35 days of age.
Immediately after slaughter samples of musculus pectoralis major were taken for detection of histological characteristics of muscle fibres. The samples were frozen in 2-methylbutan cooled by liquid nitrogen and then stored at -80°C until analysis. Cross-sections (12 μm) of samples were cut using a cryostat Leica (Leica Microsystems, Nussloch GmbH, Nussloch, Germany) at -20°C. Subsequently, staining by haematoxylin and eosin for basic histological characteristics of muscle fibres was performed. Image analysis NIS Elements AR 3.1 (Laboratory Imaging, Nikon, Tokyo, Japan) was used to detect the number of muscle fibres per 1 mm 2 , their CSA and diameter. The number of giant fibres per 1 mm 2 was counted and related to the total fibre number per 1 mm 2 according to Ve r d i g l i o n e , C a s s a n d r o (2013).
Data were processed by two-way ANOVA, group and age using ANOVA procedure of the SAS software (Statistical Analysis System, Version 9.0, 2003). The t-test was used to evaluate the differences between the values of group and age interactions. All data were expressed as mean ± standard deviation values. P ≤ 0.05 was considered significant for all traits.
RESULTS
The effect of feed restriction on the weight of chicken, daily weight gain, feed conversion ratio, and mortality were summarized in Table 2 . The characteristics of productive performance were not significantly influenced by feeding regime. Feed restriction had positive effect on mortality rate. The lowest mortality was observed in the group R65 with the most intensive feed restriction.
The results of one-week feed restriction affecting muscle fibre characteristics of pectoralis major are shown in Table 3 . The interaction of group and age was not manifested in the number of muscle fibres per 1 mm 2 . However, the number of muscle fibres significantly (P ≤ 0.001) decreased with advancing age.
The CSA was significantly influenced by the interaction of group and age (P ≤ 0.027). After the end of feed restriction at 14 days of age similar CSA was measured in all groups (519, 539, and 521 µm 2 for AL, R80 and R65, respectively), but during the realimentation period the CSA was insignificantly higher in both restricted groups compared to AL. At the end of the experiment R65 group with the most intensive feed restriction had the largest CSA (2296 µm 2 ), while R80 group with moderate feed restriction had not significantly larger CSA compared to AL group (1728 µm 2 and 1667 µm 2 for R80 and AL, respectively). In our experiment, the CSA significantly increased with advancing age (P ≤ 0.001).
The diameter was significantly affected by the feeding regime (P ≤ 0.041) with greater diameter in both restricted groups at 35 days of age, when the differences were the most noticeable. The diameter, similarly to CSA, increased with advancing age (P ≤ 0.001).
Some fibres from pectoralis major exhibited histological features of giant fibres and also CSA of these fibres were typical for giant fibres. However, no excessive incidence of giant muscle fibres in restricted groups was detected and also age did not affect the giant fibre percentage.
DISCUSSION
Results of performance revealed that the final live weight was not affected by the feeding regime, which corresponds with the data of Ve l l e m a n et al.
(2014) and P o l t o w i c z et al. (2015) . These authors detected also similar values of daily weight gain and feed conversion ratio. Lower mortality rate in restricted chickens from our experiment is in agreement with S a l e h et al. (2005) and S a h r a e i (2012). Results of the current study showed that feeding regime had no effect on the number of muscle fibres per 1 mm 2 in pectoralis major. In chickens, the number of muscle fibres is stabilized at the hatching time. The CSA depends on the type of muscle fibres; nevertheless, pectoralis major muscle is composed only of type IIB fibres. These glycolytic fibres are larger than oxidative type. Subsequently, the growth of the muscle occurs by an increase in the muscle fibre size (D r a n s f i e l d , S o s n i c k y , 1999; R e h f e l d t et al., 2004 ; W e r n e r et al., 2008), not by hyperplasia after hatching.
The CSA corresponds with the number of muscle fibres (R y u , K i m , 2005 ). In the current study, the CSA immediately after the end of feed restriction was similar for both restricted and ad libitum fed groups, which is in contrast with Li et al. (2007) , who detected reduced glycolytic muscle fibres CSA in lateral gastrocnemius muscle of restricted group after feed restriction at 14 days of age. These inconsistent results may be affected by various methods of feed restriction and different muscles the fibres of which were measured. The gastrocnemius muscle has highly fast-twitch glycolytic fibres, while pectoralis major is composed of slow-twitch oxidative muscle fibres and is less sensitive to changes in nutritional status (T e s s e r a u d et al., 1996) . However, at the end of feed restriction at 14 days, V e l l e m a n et al. (2014) observed similar muscle fibre size of pectoralis major in the control group and in chickens with feed restriction realized in the second week posthatch. Nevertheless, when these authors applied limited feed intake at the first week posthatch, restricted chickens had smaller muscle fibres at 7 days of age than the ad libitum fed group. In the present experiment, during the realimentation period, restricted chickens showed fibres with the numerically larger CSA. At the end of the experiment at 35 days of age the CSA of chickens with the most intensive feed restriction increased, but groups R80 and AL did not differ. In contrast with our results, R e h f e l d t et al. (2004) stated that qualitative and quantitative feed restriction reduced final CSA of muscle fibres at slaughter age. Also L i et al. (2007) determined that chickens with restricted feeding time had smaller CSA at the end of experiment at 63 days of age compared to control group. These inconsistent results of CSA can be affected by different methods of feed restriction or its experimental timing.
The increase of CSA and diameter can lead to pathological muscle alterations as for example giant fibres and thus to deterioration of meat quality. The giant fibres are determined only post mortem during transition from muscle to meat (D a l l e Z o t t e et al., 2001; W e r n e r et al., 2008). These structurally abnormal fibres are considered to arise from hypercontraction of the muscle fibres or parts of them that are not able to undergo normal relaxation after initial rigor mortis (R e h f e l d t et al., 2004) . Ve l l e m a n et al. (2010) in study with 20% feed restriction for the first 2 weeks posthatch showed that pectoralis major morphological structure was altered with increasing pathological muscle fibres. However, in the current experiment the percentage of giant fibres was very low without the effect of feeding regime. Results are not comparable with the data from literature, because the authors who have studied the effect of feed restriction on the characteristics of muscle fibres have not included the percentage of giant fibres. According to R e h f e l d t et al. (2004) giant fibre percentage lower than 0.5% is not associated with impairment in meat quality.
CONCLUSION
The results of the current study indicated that early feed restriction in broiler chickens may not affect the number of muscle fibres per 1 mm 2 , but the fibre cross sectional area can be enlarged in restricted chickens and affected by the feed restriction intensity. The incidence of giant fibres was very low and was not affected by feeding regime and age.
